Objective: To analyse the association between nutritional and familial factors and obesity in boys and girls. Design: Randomized, cross-sectional population study. Setting: Province de Luxembourg, Belgium. Subjects: One thousand and twenty-eight boys and girls in age strata 6±8, 8±10 and 10±12 y, comprising 70.3% of primary cohort. Methods: Examinations included anthropometric measurements and questionnaires covering familial, socioeconomic and psychosocial factors. A three day dietary record was obtained in 955 children. This was analysed in relation to the anthropometric data. Results: In comparison with similar studies from other regions and recommended allowances, the intakes of total energy, fat, particularly saturated fat and cholesterol, were high, while consumption of carbohydrate and ®ber was low, as well as the polyunsaturatedasaturated ratio of fat. Total energy intake showed no or weakly signi®cant correlations with anthropometric factors. However, total fat (P 0.045) and saturated fat (P 0.0005) intake showed consistent positive correlations with body mass index (BMI, kgam 2 ) and skinfold thickness, with corresponding negative relationships to carbohydrate intake (P 0.034) in boys. Such relationships were also found when calculated as energy density. These associations were not statistically signi®cant in girls. The high fat, low carbohydrate pattern of the nutritional status seemed to be more pronounced in families where the father had a low level of education (lipids, boys, P 0.0007), and where both parents were obese (saturated fat, boys, P 0.023), suggesting involvement of socioeconomic and familial factors. Conclusion: The lack of correlation between factors indicating obesity and total energy intake suggests that the positive energy balance causing obesity is due mainly to a low energy output. However, since energy intake measurements are imprecise, overeating can not be excluded, particularly since elevated consumption of food with high contents of fat, found in these children seems to be poorly regulated.
Introduction
Obesity is the condition where abnormally large body fat masses have accumulated. This is due to a positive energy balance, intake superseding output. Elevated intake of fat has been incriminated as a major factor in diet-induced obesity (Lissner & Heitman, 1995) . This might be due to the high energy density of fat in combination with an apparent lax regulation of energy intake when the fatcontent of food is high at the expense of, particularly, carbohydrate (Stubbs et al, 1995) . This is apparently occurring in non-obese subjects, and may therefore be a physiological phenomenon (Stubbs et al, 1995) . Consequently, obese subjects may have acquired their condition simply by the consumption of a diet where energy intake has been poorly regulated because of a high fat content. This in turn might be due to poor food-habits, with or without genetic susceptibility to develop obesity.
Obesity in adulthood is often but not always, preceded by childhood obesity (Mossberg, 1989) . This might be due to a high fat content of children's food, which might be prevented by dietary corrections, and is therefore important to disclose.
The Belgian Luxembourg Province is a relatively isolated area on the European continent with a high prevalence of obesity in adults (Brohet et al, 1988) , and in children (Guillaume et al, 1996) . Previous reports have indicated a familial aggregation of obesity, traceable from birth weight of the children through the parental and grandparental generations (Guillaume et al, 1995 (Guillaume et al, , 1996 . Such ®ndings suggest that genetic in¯uences are of importance for the development of obesity in children in this area. In such apparently genetically predisposed populations, exposure to environmental factors, which may express obesity, is particularly important to disclose.
In this report the total energy intake, and its composition as far as macronutrients are concerned, are reported. This was possible by examining dietary records in a large number of children, selected at random in age-strata 6±8, 8±10, and 10±12 y. The results show no certain increase of total energy intake, but a high fat content in the food, which correlates with obesity measurements.
(Wallonian) region. It has borders with the state of Luxembourg in the east, and with France in the south and south-west. The province has a low population density as compared with the rest of Belgium and a minor proportion of non-Belgian citizens. The immigration has been limited, and the population is comparably stable (Institut National de Statistiques, 1992) .
The area is characterized by non-industrial occupations such as public service activities, and is mainly a rural region, particularly in the southern part. The mean income per capita is less than in other parts of Belgium, and the educational level is also comparably low (Institut National de Statistiques, 1993) .
The selection of the studied cohorts has been described in detail previously (Guillaume et al, 1996) . In short, school classes with children at the ages 6±8, 8±10, and 10±12 y were selected by a randomization procedure, taking into consideration the different school systems in Belgium consisting of communal, state and private schools. This was done to avoid selection bias in socioeconomic variables. In total 1462 children were selected in the primary cohort, and 1028 (70.3%) agreed to participate. Non-participants were examined from school-records, and did not differ from participants in anthropometric variables, but were apparently from a lower social class (Guillaume et al, 1996) .
The examinations were approved by the Ethical Committee of the Catholic University of Louvain, Brussels, the Departments of Health, Welfare and Education of the Belgian government, and by the political authorities of Province de Luxembourg.
Methods
The children were examined in 1992. Examinations included recordings of anthropometric data, blood chemistry, and questionnaires covering familial data and environmental factors. These methods and the quality controls have been described in detail previously (Guillaume et al, 1996) , and will therefore only be brie¯y summarized here.
Anthropometric data included height, weight, waist and hip circumferences as well as subscapular and triceps skinfolds. From these measurements the body mass index (BMI, weightaheight 2 , kgam 2 ), as well as the waistahip circumference ratio (WHR) were calculated. Parents' BMI was also registered and the results have been presented previously (Guillaume et al, 1995 (Guillaume et al, , 1996 .
Questionnaires covered familial aggregation of disease, lifestyle, physical activity, demographic data, birth data, as well as social and familial conditions including level of education (Guillaume et al, 1996) .
Nutritional status was estimated from three-day records in 955 children. The days selected were two consecutive week days and one week-end day. The children, assisted by the teachers and the parents, were themselves responsible for the recordings. They were carefully instructed how to use their food consumption records, and how to estimate portion sizes. Teachers and parents obtained, in addition, written information.
As soon as possible after the recording, an interview was planned at the home of the probands, preferably in the presence of the mother, or the person in charge of the preparation of the meals if not the mother. During this interview, the observer checked the reliability of the record, and collected additional information in order to further improve the accuracy of the recording of the quality and quantity of food intake (for example, kind of food items, details about complicated or unusual recipes, amount of sugar or salt added, and description of quantities eaten). The portions were estimated in household measures. When the children had chosen to eat at school, the menus served at school during the period in question were recorded. The household measures were converted into grams of food, or milliliters of beverages, by one of the participating dietitians, using an equivalence table.
After encoding the data, a food composition table was used to translate the amount of food eaten into nutrients. The food composition table used was based on that of the MONICA project in Belgium (Voorlichtingsbureau Voor de Voeding, 1979; Paul & Southgate, 1980) with additional, new food items.
About 90% of the primary cohort gave complete answers to the nutritional survey. The estimation of food intake after conversion to portion sizes by household measurements did not show signi®cant differences between two observers, working independently in a training session, preceding the study. During the interview several crosschecked questions were systematically asked to the mother, in order to test the reliability of the record. For further quality control a subgroup of 16 participants were asked to weigh their food intake during 24 h, in order to allow comparisons with the records. The three day record showed higher values of total energy, carbohydrate, total fat and cholesterol intake (P`0.05 or P`0.01). The differences were, however, small.
Data processing and statistical methods
Data were stored and analyzed in an IBM computer. Different procedures from the Statistical Analyses System (SAS) were employed (Statistical Analysis System, 1980) . Analysis of variance (ANOVA), using the GLM procedure, was applied for comparisons of means between groups. As age is an important confounding factor, this variable was often considered as a concomitant variable. Pairwise comparisons were performed with the Student's t-test. For both genders the relation between continuous variables were studied using multiple regression and correlation (REG and CORR procedures).
To check that possible deviations from the assumptions underlying the methods (independence, normal distribution) did not affect the conclusions alternative procedures were used. For the variables apparently deviating most strongly from the assumption of normal distribution, results were retested after logarithmic transformation or by a nonparametric test (Wilcoxon). No differences were found in the results obtained (not shown).
Two tailed tests were used, and P-values of less than 0.05 were considered to be signi®cant.
Data were adjusted for age when indicated. All analyses were performed separately for boys and girls.
Results
The mean values and standard deviation of the intake of total energy, separate energy-yielding nutrients, cholesterol, ®ber and the polyunsaturatedasaturated (PaS) ratio of ingested fat are shown for boys and girls, in different age groups in Tables 1 and 2 . The recommended allowances (National Academy of Sciences, 1980) are added for comparisons. Boys tended to have a higher total energy intake than girls. Intake of protein and cholesterol was signi®cantly higher in boys aged 8±10 y compared with Obesity and nutrition in children M Guillaume et al girls at the same age. A signi®cant increase with age was observed in boys and girls for all nutrients studied (P`0.05) except ®bers. Total energy, total fat, saturated fat and cholesterol intakes, were generally higher than recommended, and carbohydrate, PaS-ratio and ®ber lower. Distribution of energy intake between proteins, lipids and carbohydrates was 12, 40 and 48% respectively were not different between boys and girls. The contribution of saccharides (lactose included) was about 25% of total energy intake. Saturated fat provided about 16.5% of total energy intake. The fraction of lipids, containing saturated fat, increased signi®cantly with age (P 0.038) while the contribution of carbohydrate decreased concomitantly.
The relationships between nutrient intake and anthropometric data are listed, age-adjusted, in Table 3 for boys. In addition to nutrient intake in grams, calculations were also performed to estimate the nutrient intake in relation to total energy consumption as grams per kcal, a measurement of energy density of the nutrient. No signi®cant relationship was found between anthropometric data and total energy intake. However, food contents of lipid in absolute ®gures showed positive signi®cant correlations with BMI and, when expressed as energy density, with BMI and skinfolds. Similar correlations were found for saturated fat, while the PaS-ratio showed no signi®cant relationships. This was also the case for estimated cholesterol intake, while food density of proteins was correlating with BMI. Carbohydrate intake showed negative, signi®cant relationships to BMI (both absolute amounts and energy density) and skinfold (only energy density). Fiber intake showed no signi®cant correlations. No fully signi®cant correlation were found for the same analyses in girls (not shown).
Nutrient intake was related to several psychosocial and socioeconomic factors of the parents. Table 4 shows that father's education (Guillaume et al, 1996) was negatively, signi®cantly related to intake of lipid and saturated fat, positively to protein (except in girls), carbohydrate and in girls, ®bers. Parents' BMI (Guillaume et al, 1995 (Guillaume et al, , 1996 correlated with the intake of saturated fat in their boys. Mother's education or professional status, including being a house wife, showed no signi®cant relationships with the nutritional status of their children (not shown).
Intake of total energy as well as saturated fat was higher in the southern, more rural of the Province than in northern parts, the P-values for energy intake being`0.0001 for boys and girls and for saturated fat 0.003 for boys, but not 
Discussion
With the method employed, three-day food record with weights estimated by household measures, energy intake is generally underestimated when compared with a recall method, but seems to be overestimated in comparison with the more precise weighing method (Marr, 1971) . Even the latter methods, which are usually considered to provide the most accurate values, result sometimes in both under-and overestimations (Bingham, 1987) . The estimation of food intake is complex, and bias can not be avoided. In the present study the choice of method was a compromise for reasons of feasibility. Direct comparisons with the weighing method in a subsample (n: 16) showed somewhat higher values of nutrient intake in comparisons with the 3 d records. Interindividual training within the research team, careful instructions of participants and con®rmation of results by home interviews should have added to the accuracy of the measurements. It is therefore believed that, with the comparably large numbers of participants included in the study, little more could have been done to improve the basic data, which might be considered to be reasonably correct. This assumption is supported by agreement of results with another study in Belgium, where the more elaborate seven day record was employed in a smaller sample of children (Benton & Buts, 1980) . In comparisons with results from other population studies in children (Persson et al, 1989; Berenson & Epstein, 1983; Knuiman et al, 1983; Popkin & Solon, 1976) , as well as recommended daily allowances from the United States (National Academy of Sciences, 1980) , the total energy intake was on an average higher in all the age-groups of boys and girls studied. Among nutrients, the absolute intakes of protein, total fat, saturated fat, saccharides and cholesterol exceeded that recommended, while the intake of carbohydrate and ®ber, as well as the PaS-ratio was considerably lower.
A comparison between the present study of children and a previous study in adults, including the south of Belgium, shows a similar energy intake pro®le with high values for fat, particularly saturated fat, cholesterol, and a low PaSratio and intake of ®ber (Kornitzer & Bara, 1989) . This pro®le in adults was associated statistically with an elevated prevalence of cardiovascular risk factors, including obesity, and premature mortality (Kornitzer & Bara, 1989) .
Total energy intake was not related to obesity measurements. This was, however, the case with lipid intake, particularly saturated fat, in boys. The negative correlation between BMI and carbohydrate is a consequence of the positive relationship with lipids. In fact, the carbohydrate relationship did not remain signi®cant after adjustment for lipid intake (not shown). In girls, similar relationships were not fully signi®cant. This apparent difference between the ®ndings in boys did not seem to be dependent on the expected earlier puberty in girls than boys because the difference was found in all age groups (not shown).
The WHR showed no signi®cant relationships to total energy intake or its macronutrient components, neither in the total sample (not shown), nor in gender or age subgroups, suggesting that this ratio is regulated by other than nutritional factors in these children.
The prevalence of overweight is usually higher in populations with higher energy intake (Rolland-Cachera & Bellisle, 1986) . Several studies in adults have, however, failed to show correlations between individually elevated energy intakes and obesity (Rolland-Cachera & Bellisle, 1986; Bellisle et al, 1988; Freedman et al, 1987) as is the case in the present study in children. This might be a problem of underreporting in obese subjects (RollandCachera & Bellisle, 1986 ). An alternate explanation is a low energy output, being the main reason for a positive energy balance. In the cohort of children studied frequent, prolonged TV-watching was found in obese children (Guillaume et al, 1997a), suggesting that physical inactivity rather than overeating might be the primary cause of Table 3 Correlations (P-values) between anthropometric factors and nutrients in absolute values (g) or expressed as energy density (mg or gakcal of total energy intake) in boys. Data are age-adjusted. P-values obesity. However, it must be kept in mind that the methods available for energy intake measurements are imprecise, and may easily overlook the minor excess of energy intake over a long period of time, required to result in obesity.
The strongest relationships with obesity factors in boys were found to be the fat contents of their food, both in absolute and relative terms. This was particularly the case for saturated fat with consistent, strong relationships. This corresponded to low carbohydrate intake. In adult women (Heitman et al, 1995) , elevated fat contents of the food has been reported to be associated with the development of obesity. Other studies suggest that fat intake is less well controlled than that of protein and carbohydrate (Stubbs et al, 1995) . It therefore seems possible that exposure to a food intake with high fat contents, such as that reported here, might have been responsible for the development of obesity because fat intake may have been poorly controlled. Such increased energy intake may not be measurable in absolute terms because of the small increments over a long period of time needed to cause obesity. If this is the correct interpretation then food intake may indeed have played a role in the pathogenesis of obesity in the children examined. The results also indicate that saturated in contrast to polyunsaturated fat might be of particular importance. It might be considered that intake of saturated and polyunsaturated fat is regulated differently.
In girls, similar signi®cant relationships were not found. These ®ndings may suggest different control mechanisms of energy intake in boys and girls at the age-ranges studied.
The nutritional pattern with high fat, particularly saturated fat, and low carbohydrate and ®ber, characteristic of these children, and associated with obesity measurements, was particularly pronounced when the father had a low degree of education, and when the family lived in the south, more rural parts of the Province. The results also indicate that children with this food pattern often have obese parents. Taken together, these observations suggest that poor education, a rural environment and obese parents are associated with an undesirable nutritional status of their children. Similar characteristic of parents have previously been reported for a low degree of physical activity of these children (Guillaume et al, 1997a) . A low education of the father is associated with a poor socioeconomic status of the family (Guillaume et al, 1997b) .
The non-participants were on an average from a lower social class than participants (Guillaume et al, 1996) , and it is therefore possible that this was associated with particularly poor food-habits in the non-participants. This has to be kept in mind in interpretations.
It may, however, be suggested that a poor socioeconomic status of a family is associated with undesirable food habits and low physical activity of the children, both predisposing for obesity. The background might be economical necessities andaor dif®culties to bene®t from information on healthier food and exercise habits.
Conclusions
In summary, in this study of children from an area with a high prevalence of obesity and cardiovascular risk factors among both children and adults, no relationship was found between total energy intake and anthropometric factors indicating obesity. This might be due to physical inactivity causing a positive energy balance and subsequent obesity. However, the composition of the food indicates elevated intake of lipid, particularly saturated fat, at the expense of carbohydrate. Intake of such food has been suggested to be poorly regulated, exposing the consumers for risk of overeating and obesity. Overeating causing obesity only needs to be of moderate or even minute magnitude over a long period of time, and may not be measurable by currently available rather imprecise methods, or be underreported by obese subjects. Therefore, overconsumption of energy can not be excluded in the obese children in this study.
Overeating due to poor regulation of fat intake is apparently a phenomenon found in normal subjects (Stubbs et al, 1995) , suggesting that this might be a factor geared mainly by environmental causes in the form of high fat-contents in food. The children examined in this report have a strong familial preponderance for obesity, suggesting genetic in¯uence (Guillaume et al, 1995) . A previous study has indicated that women with genetic predisposition for obesity are particularly prone to develop obesity when exposed to high fat diets (Heitman et al, 1995) . It might be considered that when such genetically susceptible populations are exposed to food, high in fat contents, a food consumption pattern which seems to be poorly regulated (Stubbs et al, 1995) , there is a signi®cant risk for overexpression of obesity. This might be particularly the case when energy expenditure also is low. Such conclusions open up interesting possibilities for treatment and prevention.
